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(57) ABSTRACT

A method and apparatus described herein uses a mobility
server to supplement the mobility management operations of
a conventional mobile switching circuit (MSC). The mobaility
server receives mobility messages from a wireless terminal,
and updates a location register associated with the MSC
responsive to the recerved mobility messages. According to
one exemplary embodiment, the mobility server has a pre-
determined network address, such as a phone number, IP
address, etc. The wireless terminal sends the mobility mes-
sages as user-plane messages to the pre-determined network
address over a traific data channel. In one exemplary embodi-
ment, the mobility messages indicate the imminent loss of
usable base station signals at an 1dentified wireless terminal.
For this embodiment, the mobility server may identify a sat-
cllite beam associated with the wireless terminal’s location
based on the received mobility messages, and update the
location register accordingly.
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PRIVATE MOBILITY MANAGEMENT
ENHANCEMENTS

TECHNICAL FIELD

The present invention relates generally to wireless commu-
nication networks, and more particularly to mobility manage-
ment within wireless communication networks.

BACKGROUND

As 1dle wireless terminals move within a wireless network,
the network employs mobility management to keep track of
the wireless terminal’s location. Conventional networks use a
Mobile Switching Center (MSC) to execute mobility man-
agement operations at the network. For example, a wireless
terminal may transmit a registration message to a selected
base station, 1.¢., the base station having the strongest signal at
the wireless terminal. The selected base station controller
subsequently transmits a signaling-plane message to the
MSC so that the MSC may update a location register based on
the selected base station. Subsequently, the network uses the
paging area associated with the selected base station to send
paging signals to the wireless terminal.

When the wireless terminal moves outside the range of one
or more base stations in the network, the wireless terminal
may not be able to rely on terrestrial communications to send
registration messages. To address this problem, a wireless
terminal may send a registration message via a satellite sys-
tem serving the area corresponding to the wireless terminal’s
current location. Unfortunately, the registration messages
required to implement this solution may overwhelm the sat-
cllite system.

Another solution requires the wireless terminal to send a
“detach” message to the terrestrial network upon determining
that loss of terrestrial service 1s imminent. For example, U.S.
Pat. No. 6,542,716, which 1s incorporated herein by refer-
ence, describes a mobility management process where the
wireless terminal measures the signal strength of all recerved
signals. Based on the measured signal strength, the wireless
terminal predicts the imminent loss of the terrestrial service
and sends a detach message via the terrestrial network. The
terrestrial network then forwards the detach message to the
MSC to update the corresponding location register. In
response, the network sends future paging signals to the wire-
less terminal via a satellite system. Because the detach mes-
sage 15 not used 1n all current wireless standards, and because
there 1s no guarantee that the detach message will be 1ncor-
porated 1nto future standards, this solution may not be sup-
ported by all wireless networks.

Thus, there remains a need for an alternative method for
updating the location register that does not rely on transmit-
ting registration or other mobility management control mes-
sages via a satellite system, and that 1s at least partially inde-
pendent of the requirements of current and future wireless
standards.

SUMMARY

A method and apparatus described herein supplements the
mobility management operations of a conventional MSC by
adding a mobility server. The mobility server comprises a
communication interface to recerve mobility messages from a
wireless terminal, and a message processor to update a loca-
tion register responsive to the mobility messages. According,
to one exemplary embodiment, the communication interface
may be associated with a pre-determined network address,
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such as a phone number, IP address, etc. The mobility mes-
sages are sent from the wireless terminal to the mobility
server as user-plane messages over a traific data channel. In
one exemplary embodiment, the mobility messages indicate
the imminent loss of usable base station signals at an 1denti-
fied wireless terminal. For this embodiment, the message
processor may 1dentify a satellite beam associated with the
wireless terminal’s location based on the received mobility
messages, and update the location register accordingly.

A wireless terminal according to one embodiment of the
present invention includes memory, a prediction processor,
and a message processor. The memory stores the network
address of the mobility server. The prediction processor pre-
dicts future mobility management events associated with the
wireless terminal. For example, the prediction processor may
evaluate a characteristic of the signals recerved from one or
more base stations, and use the evaluation to predict future
mobility management events. In another embodiment, the
prediction processor may determine a location of the wireless
terminal and predict the future mobility management events
based on the determined location. The message processor
generates the mobility messages based on the predicted
mobility management events, and sends the mobility mes-
sages 10 a mobility server as user-plane messages over a
traific data channel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a wireless communication network accord-
ing to one embodiment of the present invention.

FIG. 2 shows a flow diagram for one exemplary mobility
Server.

FIG. 3 shows a block diagram of one exemplary mobility
Server.

FIG. 4 shows a tlow diagram for one exemplary wireless
terminal.

FIG. 5 shows a block diagram of one exemplary wireless
terminal.

FIG. 6 shows a block diagram of one exemplary prediction
processor for the wireless terminal of FIG. 5.

FIG. 7 shows a plot of signal strength measurements gen-
crated by one exemplary measurement circuit associated with
the prediction processor of FIG. 6.

FIG. 8 shows an exemplary communications scenario
applicable to the present invention.

FIG. 9 shows the wireless communication network of FIG.
1 connected to a second wireless communication network.

DETAILED DESCRIPTION

The following describes the invention in terms of a user-
plane, signaling-plane, and control-plane. The term “user-
plane” 1s used herein to identily messages that the wireless
terminal transmits to any destination with an address 1n a
Public Communications Network, such as the Internet or the
Public Switched Telephone Network (PSTN). In the case of
the Internet, user-plane messages may be addressed to an “IP
address.” In the case of the PSTN, user-plane messages may
be addressed to a phone number, such as a toll-free phone
number. Cellular standards do not limit the content of user-
plane messages.

The term “signaling-plane” 1s used herein to 1dentily mes-
sages that are sent from a wireless terminal via a base station
ol a wireless communication network and may subsequently,
alter possible translation into another format or protocol, be
conveyed to a Mobile Switching Center (MSC) for action.
Cellular standards rigidly define the types, content, and for-
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mat of signaling-plane messages. As such, signaling-plane
messages are not amenable to ad-hoc modification.

The term “control-plane” 1s used herein to 1dentify mes-
sages sent between elements of a wireless communication
network or networks, such as messages sent between a Base
Station Controller (BSC) and 1ts MSC, or messages sent
between the MSC of one network and the MSC of another
network. Such messages are more rigidly controlled and stan-
dardized than signaling-plane messages. Typical standards
used for control-plane messages between two MSCs are
IS-41 and Signaling System number 7 (S57).

Existing wireless communication networks may receive
mobility messages from wireless terminals. The network uses
the recerved mobility messages to execute mobility manage-
ment operations. In existing networks, such mobility mes-
sages are sent as one of a number of predetermined signaling-
plane messages that are compatible with existing control-
planes. However, the control-plane and/or signaling-plane of
ex1isting networks may not support enhanced signaling-plane
messages associated with enhanced wireless communication
networks, where the enhanced signaling-plane messages
may, for example, facilitate some new mobility management
feature. As a result, the new mobility management features
would not be available to any wireless terminal recerving,
service via an existing, non-enhanced wireless communica-
tion network.

The mobility server described herein supplements the con-
ventional mobility management operations associated with
existing wireless communication networks. More particu-
larly, the mobility server updates a location register associ-
ated with a wireless terminal responsive to mobility messages
received Irom the wireless terminal. The mobility messages
are sent to the mobility server as user-plane messages over a
traffic data channel. As a result, the mobility server described
herein overcomes the rigidity of the existing signaling and
control planes by allowing enhanced features to be imple-
mented and managed via the user-plane. This makes the
enhanced features available to the wireless terminal even
when the wireless terminal 1s receiving service via a non-
enhanced wireless communication network.

FIG. 1 shows one exemplary wireless communication net-
work 100 according to the present invention. Network 100
may be any packet-switched communication network,
including but not limited to a cdma2000 network, a WCDMA
network, and a GSM network. Network 100 includes a Radio
Access Network (RAN) 110, a core network 120, and a
mobility server 130. The network 100 may communicate with
one or more wireless terminals 160, which may be native or
visiting terminals. Typically, only native terminals 160 utilize
the mobility management features provided by the mobility
server 130. However, 1t will be appreciated that visiting ter-
minals 160 may also utilize the mobility management fea-
tures provided by the mobility server 130.

RAN 110 provides the radio interface between the wireless
terminals 160 and the core network 120. An exemplary RAN
110 includes one or more Base Station Controllers (BSCs)
112 and a plurality of Radio Base Stations (RBSs) 114. Wire-
less terminals 160 communicate with the RBSs 114 via an air
interface as defined by any appropriate communication stan-
dard. The BSC 112 mterfaces the RBSs 114 with the core
network 120 to interface the wireless terminals 160 with the
core network 120.

Core network 120 provides mobility management, session
management, and transport services for data. The core net-
work 120 includes a gateway 122 and a Mobile Switching,
Circuit/Location Register (MSC/LR) 124. Gateway 122 con-

nects the core network 120 to one or more Public Data Net-

5

10

15

20

25

30

35

40

45

50

55

60

65

4

works (PDNs), such as the Internet 140. The MSC/LR 124
connects the core network 120 to the BSCs 112 in RAN 110

and 1cludes a Mobile Switching Center (MSC) 126 and at

least one Location Register (LR) 128. The location register
128 stores the user and/or terminal 1dentification 1n associa-

tion with other data, such as location data, for all wireless
terminals 160 currently located in and/or native to the net-
work 100. In conventional networks, the MSC 126 updates
the location register 128 with registration information trans-

mitted by wireless terminals 160 over the signaling-plane as
the wireless terminals 160 move within the network 100.
Based on the contents of the location register 128, network
100 selects an appropriate paging area and uses the selected
paging area to send paging signals to the wireless terminal
160, or alternatively may route the call to a different network
using inter-network control-plane messages. In addition, the
MSC 126 connects the core network 120 to one or more

Public Switched Telephone Networks (PSTNs) (not shown)

to route calls between wireless terminals and landline tele-
phones. The MSC/LR 122 may also connect the core network
120 to a satellite antenna 150 that communicates with a sat-
cllite 152 according to any known means. While FIG. 1 shows
the satellite system 150, 152 as part of network 100, 1t will be
appreciated that the satellite system 150, 152 may comprise
many separate elements which are connected to or otherwise
associated with network 100. Further, while the following
describes the invention in terms of a satellite system 150, 152,
it will be appreciated that the above-described satellite system
150, 152 may comprise any non-terrestrial or alternate com-
munication system that 1s associated with network 100 and
that supplements the service provided to the wireless termi-
nals 160 by RAN 110.

The mobility server 130 supplements conventional mobil-
ity management operations by updating the location register
128 responsive to mobility messages recerved from the wire-
less terminal 160. The mobility messages are sent by the
wireless terminal 160 to the mobility server 130 as user-plane
messages over traflic data channels. The received user-plane
messages may be translated to control-plane messages by
mobility server 130 for subsequent conveyance to and action
by the MSC/LR 124. Thus, the mobility server 130 provides
an alternate means of mobility management that utilizes
available traific channels to update the location register 128,
especially when mobility management methods provided via
the existing signaling-plane are inadequate.

FI1G. 2 shows a flow diagram 200 that broadly 1llustrates the
operation of mobility server 130. The mobility server 130
receives user-plane messages from a wireless terminal 160
via any available traific data channel (block 202). Responsive
to the mobility messages, the mobility server 130 may send
update messages to the MSC/LR 124 via a control-plane to
update the location register 128 (block 204). In the case that
mobility server 130 1s intimately connected (e.g., hardwired)
to the MSC/LR 124, enhancements to its control plane rep-
ertoire may be envisaged. Consider the following example.
When a wireless terminal 160 moves out of the coverage area
of the network 100, the mobility server 130 may send an
update message to the location register 128 to indicate that
future paging signals should be sent via the satellite 152.
Subsequently, network 100 sends future paging messages to
the wireless terminal 160 via the satellite 150. The foregoing,
may also be effected even when the terminal 160 1s recerving
service via a different, non-enhanced network as the terminal
160 may communicate the imminent loss of service to its
mobility server 130 via the user-plane, which all networks
support.
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FIG. 3 shows one exemplary mobility server 130. Mobility
server 130 comprises a communication interface 132 and a
processor 134. Communication interface 132 comprises any
interface addressed by a predetermined network address and
configured to receive mobility messages from the wireless
terminal 160. For example, interface 132 may comprise a core
network interface addressed by a telephone number. This type
of interface enables the mobility server 130 to receive mobil-
ity messages 1n the form of digital data, a Dual-Tone Multi-
Frequency (DTMF) sequence, a short text message, etc.,
using conventional traific channels associated with a cellular
phone call. Alternatively, interface 132 may comprise an
Internet interface associated with a predetermined IP address.
This type of interface enables the mobility server 130 to
receive mobility messages 1n the form of packet data over
Internet 140.

Communication interface 132 provides the recerved mobil-
ity messages to processor 134. Responsive to the mobility
messages, the mobility server 130 may send an update mes-
sage as a control-plane message over a control interface to the
MSC/LR 124 to update the location register 128. One exem-
plary update message may identify the location of the serving,
RBS 114 as well as the 1dentity of the satellite beam covering
the area associated with the serving RBS 114. For this
example, the mobility server 130 may include a database of
latitude and longitude coordinates of all known RBSs 114. By
retrieving the latitude and longitude coordinates of the RBSs
114 1n the current paging area of the wireless terminal 160, the
mobility server 130 may select the satellite beam associated
with the paging area in the control-plane message. It will be
appreciated that the satellite beam selection process may be
turther refined 1 the recerved mobility message 1identifies the
serving RBS 114 for the wireless terminal 160.

The mobility server 130 may use any known means to
communicate with the MSC/LLR 124. As shown 1n FIG. 1, the
mobility server 130 may use Signaling System #7 (S57),
[S-41, etc., to communicate with the MSC/LR 124. Alterna-
tively, mobility server 130 may use the Internet 140 or an
intimate (e.g., hardwired) connection to communicate with
the MSC/LR 124.

FIG. 4 shows a flow diagram that broadly illustrates the
operation 250 of an exemplary wireless terminal 160. Wire-
less terminal 160 predicts future mobility management events
as discussed further below (block 252). Based on the predic-
tion, the wireless terminal 160 generates mobility messages
(block 254). The wireless terminal 160 sends the mobility
messages as user-plane messages to a predetermined network
address associated with the mobility server 130 over a traflic
data channel (block 256).

FIG. 5 shows a block diagram of one exemplary wireless
terminal 160 according to the present mvention. Wireless
terminal 160 includes a user intertace 162, controller 164,
memory 166, transceiver 168, prediction processor 170, and
message processor 172. While FIG. 5 shows controller 164,
prediction processor 170, and message processor 172 as sepa-
rate elements, 1t will be appreciated that two or more of these
clements may be combined into a single processor.

User interface 162 provides a means for the user to interact
with and control the wireless terminal 160. Controller 164
controls the operation of wireless terminal 160 according to
programs stored 1n memory 166. In addition, controller 164
interfaces with predication processor 170 and message pro-
cessor 172. Prediction processor 170 and message processor
172 facilitate the mobility management operations associated
with the above-described mobility server 130. More particu-
larly, prediction processor 170 predicts future mobility man-
agement events based on signal evaluation and/or location
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information available to the wireless terminal 160. Message
processor 172 generates mobility messages based on the pre-
dicted mobility management events that include information
regarding changes 1n the wireless terminal’s location and any
other type of mobility management information. The contents
of exemplary mobility messages may include but are not
limited to wireless terminal identification information, a cur-
rent location of the wireless terminal 160, the identity of the
current serving RBS 114, the identity of the current paging
area, the timing of a sleep-mode paging slot, and the status of
the connection between the wireless terminal 160 and a RAN
110. For example, a mobility message may indicate the 1mmi-
nent loss of usable signals from the RBSs 114 for an 1identified
wireless terminal 160. The mobility message may further
identify the current paging area and/or current location coor-
dinates of the wireless terminal 160.

Transceiver 168 1s a fully functional radio transcerver that
transmits and receives wireless signals, including mobility
messages generated by the message processor 172. The trans-
ceiver 168 may comprise a long-range transceiver that oper-
ates according to any known standard, including the stan-
dards known generally as the Global System for Mobile
Communications (GSM), TIA/EIA-136, c¢dmaOne,
cdma2000, UMTS, WiMax, and Wideband CDMA. Alterna-
tively or i addition, transceiver 168 may comprise a short-
range transcerver that operates according to any known short-
range communication standard, such as Bluetooth and Wiki.
For example, transcerver 168 may comprise a short-range
WiF1 transceiver that interfaces with a nearby wireless access
point 142 (WAP) 1n the network 100, as shown in FIG. 1.

When transceiver 168 sends mobility messages to the
mobility server 130, the transceiver 168 sends the mobility
messages to a predetermined network address stored in
memory 166 and associated with the mobility server 130. For
example, transceiver 168 may place a call to a predetermined
phone number associated with the mobility server 130 to
transmit the mobility messages as digital data, a DTMF
sequence, a short text message, etc. Alternatively, transceiver
168 may access a predetermined IP address associated with
the mobility server 130 via the cellular network or WAP 142
to transmit the mobility messages as packet data. It will be
appreciated that the mobility messages may be communi-
cated to the mobility server 130 as user-plane messages via a
terrestrial or satellite traffic channel, although 1t 1s usually
desirable to avoid encumbering satellite capacity with mobil-
ity management messages.

FIG. 6 shows one exemplary prediction processor 170
comprising a measurement circuit 174, location circuit 176,
and an evaluation circuit 178. Measurement circuit 174 mea-
sures a signal characteristic of signals recerved from a plural-
ity of RBSs 114, such as the signal strength or the signal
quality. For example, the wireless terminal 160 may measure
the strength of signals from different RBSs 114 and associ-
ated with a predetermined set of frequencies each time the
wireless terminal 160 awakens from a sleep mode. Location
circuit 178 may determine the location of the wireless termi-
nal 160 according to any known means. For example, the
location circuit 176 may use information from a Global Posi-
tioning System (GPS) to determine the location of the wire-
less terminal 160. Alternatively, since the location accuracy
required for mobility management purposes 1s usually very
limited, location can be deduced with adequate accuracy from
the signals that the wireless terminal 160 1s receiving, either
from terrestrial or satellite sources, and their respective signal
strengths or characteristics. While FIG. 6 shows both a mea-
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surement circuit 174 and a location circuit 176, 1t will be
appreciated that the predication processor does not require
both circuaits.

The measurement circuit 174 and/or location circuit 176
provide the signal characteristics and/or location information
to the evaluation circuit 178. Evaluation circuit 178 evaluates
the provided data to predict future mobility management
events. For example, based on the location information, the
evaluation circuit 178 may predict that the wireless terminal
160 will soon be out of the range of any RBSs 114. Alterna-
tively or additionally, the evaluation circuit 178 may use the
measured signal strength data to predict a future loss of use-
able signals from the RBSs 114. For example, evaluation
circuit 178 may analyze the signal strengths acquired each
time the wireless terminal 1s awake to determine trends asso-
ciated with each RBS’s signal. In addition, the evaluation
circuit 178 may extrapolate the current signal strength data
using any known extrapolation method to predict a future
mobility management event, such as the imminent loss of
usable signals from the RBSs 114.

FI1G. 7 shows one exemplary graph derived from measured
and extrapolated RBS signal strength data associated with
three RBSs 114. As shown i FIG. 7, the strength of the
strongest RBS si1gnal 1s decreasing and will soon drop below
a predetermined threshold. While the strength of another RBS
signal 1s increasing, this signal will not exceed the predeter-
mined threshold before the other signals drop below the
threshold. When the strength of all RBS signals 1s expected to
fall below the threshold, evaluation circuit 178 determines
that the loss of usable RBS signals 1s imminent. When the
evaluation circuit 178 determines that the signal loss 1s 1mmi-
nent and will last more than a predetermined period of time,
the prediction circuit 170 provides the prediction to the mes-
sage circuit 172. In response, message circuit 172 generates a
mobility message and sends the mobility message to the
mobility server 130 as described above.

The above describes how a mobility server 130 updates a
location register 128 so that a network 100 may page the
wireless terminal 160 via satellite 152 while the wireless
terminal 160 1s out of range from any RBS 114. It will be
appreciated that the network 100 may also continue to page
the wireless terminal 160 via the terrestrial RBSs 114, even
when the network 100 1s paging the wireless terminal 160 via
the satellite 152. To that end, the network 100 may use dii-
ferent time slots for sending paging signals from the satellite
152 and the RBSs 114, as discussed below. It at some point a
signal received at the wireless terminal 160 from an RBS 114
reaches a usable signal strength, the wireless terminal 160
may register with the RBS 114 to update the location register
128 so that the wireless terminal 160 may receive future
paging signals from the RBSs 114 1n the corresponding pag-
ing area. At some point thereafter, the network 100 may
decide to terminate paging via the satellite 152 to free up the
paging capacity of the limited resource satellite system 150,
152.

When the wireless terminal 160 monitors and/or evaluates
signals from both the satellite and one or more RBSs 114, the
mobility server 130 may coordinate the timing operations
associated with the terrestrial and satellite signals. For
example, wireless terminal 160 may identify the current
“awake” time slot assigned to the wireless terminal 160 1n the
mobility message transmitted to the mobility server 130. The
mobility server 130 may subsequently notily the wireless
terminal 160 of a different “awake” time slot to use for rece1v-
ing paging signals via the satellite 152. Such a notification
may be sent to the wireless terminal 160 as part of an ACK
message that acknowledges safe receipt of the mobility mes-
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sage at the mobility server 130. It will be appreciated that the
mobility server 130 may notify the wireless terminal 160 of a
satellite time slot assigned by the network 100. Alternatively,
the mobility server 130 may assign a time slot for the satellite
signals and notify both the network 100 and the wireless
terminal 160 of the assigned satellite time slot. Using difier-
ent sleep-mode time-slots 1n which to listen for terrestrial and
satellite paging, respectively, facilitates the wireless termi-
nal’s ability to listen for both.

While the above describes a mobility server 130 that pro-
vides mobility management means for a single mobility man-
agement event, it will be appreciated that the mobility server

130 may be used to register multiple mobility management
events with the MSC/LR 124. To illustrate, consider the net-
work scenario shown 1n FIG. 8. While 1n position (1), the
RBSs 114 1n a first paging area 116 send paging signals to the
wireless terminal 160. As the wireless terminal 160 moves to
position (2), 1t will lose the ability to reliably receive paging
signals from the first paging area 116. In this situation, the
mobility server 130 receives a mobility message from the
wireless terminal 160 indicating this imminent condition. The
mobility server 130 then updates the location register 128 as
described above so that the wireless terminal 160 will recerve
future paging signals via a first satellite beam 154 from the
satellite 152. As the wireless terminal 160 continues to move
to position (3), wireless terminal 160 may move outside the
range of the first satellite beam 1354 and into the coverage area
ol a second satellite beam 156. In this situation, the mobaility
server 130 may update the location register 128 responsive to
another mobility message so that the wireless terminal 160
will recerve future paging signals via a second satellite beam
156. The wireless terminal may eventually move to position
(4), which 1s within the range of a second terrestrial paging
arca 118. In this situation, mobility server 130 may update the
location register 128 responsive to another mobility message
so that wireless terminal 160 will recerve future paging sig-
nals via the RBSs 114 1n the second paging area 118. Alter-
natively, once the wireless terminal 160 reestablishes usetul
communications with an RBS 114 1n the second paging area
118, the wireless terminal 160 may re-register with the MSC/
LR 124 via the new RBS 114 using conventional means. At
some point thereaiter the network 100 may decide to termi-
nate paging via the satellite 152 to free up the paging capacity
of the limited resource satellite 152.

The above describes how a mobility server 130 may be
used to update a location register 128 1n a dual-mode network
100 having both terrestrial and satellite capabilities. How-
ever, 1t will be appreciated that the mobility server 130 may
also be used to update the location register 128 even when the
wireless terminal 160 1s receiving service ifrom other net-
works. FIG. 9 shows another exemplary network 180 con-
nected to the network 100 of FIG. 1. Network 180 comprises
a non-enhanced network and includes a RAN 182 and a core
network 190. Core network 190 includes an MSC/LR 192,
including an MSC 194 and location register 196, a gateway
198, but 1s not necessarily associated with any satellite sys-
tem. When the wireless terminal 160 communicates via net-
work 180, the wireless terminal 160 may not know and may
be unable to determine the signaling-plane or control-plane
abilities of network 180, which may be a visited network.
Nevertheless, network 180 will provide traffic channels that
allow the terminal 160 to communicate user-plane messages
to 1its mobility server 130. The mobaility server 130 then con-
veys those messages 1n a suitably translated form to the MSC/

LR 124 of network 100. MSC 126 then formulates any
required control-plane messages needed to be sent to the
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MSC 194 of the visited network 180 using a standard control
protocol, such as SS7 or IS-41.

The mobility server of the present invention enhances con-
ventional mobility management operations without requiring,
any modifications to existing networks, such as network 180,
and without requiring the wireless terminal 160 to send con-
trol-plane registration messages via a limited capacity net-
work, such as a satellite system. Further, because the wireless
terminal 160 communicates the mobility messages directly
with the mobility server 130 as user-plane messages over a
conventional traflic connection, the mobility management
enhancements provided by the mobility server 130 may be
privately arranged between the wireless terminal 160 and its
home network.

The present invention may, of course, be carried out in
other ways than those specifically set forth herein without
departing from essential characteristics of the invention. The
present embodiments are to be considered 1n all respects as
illustrative and not restrictive, and all changes coming within
the meaning and equivalency range of the appended claims
are intended to be embraced therein.

What 1s claimed 1s:

1. A wireless terminal associated with a communication
network, said wireless terminal comprising;:

memory for storing a network address of a mobility server
configured to supplement mobility management opera-
tions of said communication network;

a prediction processor configured to predict future mobility
management events associated with said wireless termi-
nal; and

a message processor configured to generate mobility mes-
sages based on said prediction and to send said mobility
messages as user-plane messages to said mobility server
at said stored network address over a traific data channel.

2. The wireless terminal of claim 1 wherein the prediction
Processor Comprises:

a measurement circuit configured to measure a character-
1stic of signals received from one or more base stations
in said communication network; and

an evaluation circuit configured to predict the future mobil-
ity management events based on the measured charac-
teristic.

3. The wireless terminal of claim 2 wherein the measured
characteristic comprises at least one of a signal quality and a
signal strength.
4. The wireless terminal of claim 1 wherein the prediction
Processor Comprises:
a location circuit configured to determine a location of the
wireless terminal 1n said communication network; and

an evaluation circuit configured to predict the future mobil-
ity management events based on the determined loca-
tion.
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5. The wireless terminal of claim 1 wherein said mobility
messages 1ndicate imminent loss of useable base station sig-
nals at said wireless terminal.

6. The wireless terminal of claim 1 wherein said mobility
messages indicate imminent return of useable base station
signals at said wireless terminal.

7. The wireless terminal of claim 1 wherein the predeter-
mined network address comprises at least one of a phone
number, a Wireless Fidelity (WiF1) address, and an Internet
Protocol (IP) address.

8. The wireless terminal of claim 1 wherein each mobility
message comprises one of a packet-data message, a Dual-
Tone Multi-Frequency (DTMF) sequence, and an Short Mes-
sage Service (SMS) message.

9. The wireless terminal of claim 1 wherein the traffic data
channel comprises a cellular or satellite network tratfic data
channel.

10. A method of supplementing mobility management
operations 1n a communication network comprising:

storing a network address of a mobility server configured to

supplement mobility management operations of said
communication network 1n a memory of a wireless ter-
minal;

predicting future mobility management events associated

with said wireless terminal:

generating mobility messages based on said prediction;

and

sending said mobility messages to said mobility server at

said stored network address as user-plane messages over
a traffic data channel.

11. The method of claim 10 wherein predicting the future
mobility management events comprises:

measuring a characteristic of signals received from one or

more base stations 1n said communication network; and
predicting the future mobility management events based
on the measured characteristic.

12. The method of claim 11 wherein measuring the char-
acteristic comprises measuring at least one of a quality and a
strength of signals received from one or more base stations 1n
said communication network.

13. The method of claim 10 wherein predicting the future
mobility management events comprises:

determiming a location of the wireless terminal 1n said

communication network:; and

predicting the future mobility management events based

on the determined location.

14. The method of claim 10 wherein sending said mobility
messages comprises sending said mobility messages to said
mobility server at said stored network address as user-plane
messages over a cellular or satellite network traific data chan-
nel.
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